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Abstract
7KHFDUREPRWK Ectomyelois ceratoniae =HOOHU/HSLGRSWHUD3\UDOLGDHLVWKHPRVWLPSRUWDQW
SHVWRISRPHJUDQDWH Punica granatum /0\UWDOHV3RQLFDFHDHLQ,UDQ,QWKLVVWXG\DPSOLILHG
IUDJPHQWOHQJWKSRO\PRUSKLVPSULPHUFRPELQDWLRQVZHUHXVHGWRVXUYH\WKHJHQHWLFVWUXFWXUHRIWKH
JHRJUDSKLFDQGSXWDWLYHKRVWDVVRFLDWHGSRSXODWLRQVRIWKLVSHVWLQ,UDQ$Q$029$ZDVSHUIRUPHGRQ
WHVWSRSXODWLRQV3DLUZLVHGLIIHUHQFHV0DQWHOWHVWPXOWLGLPHQVLRQDODQDO\VLVFOXVWHUDQDO\VLVDQG
PLJUDWLRQUDWHZHUHFDOFXODWHGIRUJHRJUDSKLFSRSXODWLRQVRI E. ceratoniae VKDULQJWKHVDPHKRVW
SRPHJUDQDWH,QDQRWKHUSDUWRIWKHVWXG\FRPSDULVRQVZHUHSHUIRUPHGRQSDLUZLVHSRSXODWLRQVWKDW
ZHUHFROOHFWHGRQGLIIHUHQWKRVWVSRPHJUDQDWHILJSLVWDFKLRDQGZDOQXWLQVDPHJHRJUDSKLFUHJLRQV
7KHUHVXOWVVKRZHGKLJKZLWKLQSRSXODWLRQYDULDWLRQRIWRWDOYDULDWLRQKRZHYHUJHRJUDSKLF
SRSXODWLRQVGLIIHUHGVLJQLILFDQWO\7KH0DQWHOWHVWGLGQRWVKRZFRUUHODWLRQVEHWZHHQJHQHWLFDQG
JHRJUDSKLFGLVWDQFHV7KHSUREDEOHIDFWRUVWKDWDIIHFWJHQHWLFGLVWDQFHVDUHGLVFXVVHG0XOWLGLPHQVLRQDO
VFDOLQJDQDO\VLVPLJUDWLRQUDWHDQGFOXVWHUDQDO\VLVRQJHRJUDSKLFSRSXODWLRQVVKRZHGWKDWWKH
$UVDQMDQSRSXODWLRQZDVWKHPRVWGLIIHUHQWIURPWKHRWKHUVZKLOHWKH6DYHKSRSXODWLRQZDVPRUH
VLPLODUWRWKH6DE]HYDUSRSXODWLRQ7KHFRPSDULVRQVGLGQ¶WVKRZDQ\KRVWILGHOLW\LQWHVWSRSXODWLRQV,W
VHHPVWKDWWKHDELOLW\RI E. ceratoniae WREURDGHQLWVKRVWUDQJHZLWKQRILGHOLW\WRKRVWVFDQGHFUHDVH
WKHHIILFLHQF\RIFRPPRQFRQWUROPHWKRGVWKDWDUHXVHGRQSRPHJUDQDWH7KHUHVXOWVRIWKLVVWXG\
VXJJHVWWKDWLQVSLWHRIWKHHIIHFWVRIJHRJUDSKLFEDUULHUVKLJKZLWKLQSRSXODWLRQJHQHWLFYDULDWLRQ
PLJUDWLRQUDWHDQGJHQHIORZFDQSURYLGHWKHRSSRUWXQLW\IRUHPHUJLQJQHZSKHQRW\SHVRUEHKDYLRUVLQ
SHVWSRSXODWLRQVVXFKDVEURDGHQLQJKRVWUDQJHFKDQJLQJHJJO\LQJSODFHVRUFKDQJLQJRYHUZLQWHULQJ
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Introduction
,PSURSHU LGHQWLILFDWLRQ RU LQDELOLW\ WR UHFRJQL]H
GLVWLQFW SRSXODWLRQV FDQ KDYH GUDVWLF DQG FRVWO\
FRQVHTXHQFHV IRU SHVW PDQDJHPHQW 0HQNHQ DQG
8OHQEHUJ  ,W LV EHOLHYHG WKDW LQWUDVSHFLILF
YDULDWLRQV WKDW OHDG WR WKH HPHUJHQFH RI ELRW\SHV
KRVWV RU SKHURPRQH UDFHV PD\ FDXVH GLIIHUHQW
UHDFWLRQV WR FRQWURO PHWKRGV 0HQNHQ DQG
5DLMPDQ  $OORSDWULF DQG V\PSDWULF
VSHFLDWLRQ KDYH EHHQ GHVFULEHG GXULQJ WKH
GLYHUJHQFH RI SRSXODWLRQV 0D\U DQG $VFKORFN
 .LUNSDWULFN DQG 5DYLJQH  ,Q
DOORSDWULF VSHFLDWLRQ JHRJUDSKLF EDUULHUV DPRQJ
GLVWLQFW SRSXODWLRQV PD\ SUHYHQW JHQH IORZ 0D\U
DQG $VFKORFN  *LYHQ WKH ODFN RI JHQH IORZ
VHSDUDWH SURFHVVHV RI YDULDWLRQ LQ GLIIHUHQW
JHRJUDSKLF DUHDV PD\ UHVXOW LQ GLYHUJHQFH LQ
HWKRORJLFDO 0LWDQL HW DO  SK\VLRORJLFDO
7DXEHU HW DO  5XEHUVRQ HW DO  DQG
PRUSKRORJLFDO 'XMDUGLQ HW DO  5RGULJXHV
DQG 0RUHLUD  -HQQLRQV DQG .HOO\ 
FKDUDFWHUV LQ DQ\ LVRODWHG SRSXODWLRQ 7KHUH PD\
EH RWKHU IDFWRUV VXFK DV KXPDQ WUDQVSRUWDWLRQ
ZKLFK FDXVH PRUH JHQH IORZ DPRQJ DOORSDWULF
SRSXODWLRQV DQG GHFUHDVH WKH HIILFLHQF\ RI
JHRJUDSKLF EDUULHUV )DLOORX[ HW DO  -XOYH] HW
DO  -XOYH] DQG 0RXFKHW  &KHQ HW DO
 *RRGLVPDQ HW DO  ,Q V\PSDWULF
VSHFLDWLRQ YDULDWLRQ PD\ EH WKH UHVXOW RI
DGDSWDWLRQ WR GLIIHUHQW KDELWDWV VXFK DV KRVWV LQ
VRPH ORFDOLWLHV WKDW LV PRUH SRVVLEOH LQ WKH
SUHVHQFH RI DVVRUWDWLYH PDWLQJ ZKLFK GHFUHDVHV
JHQH IORZ DPRQJ VXFK SRSXODWLRQV .LUNSDWULFN
DQG 5DYLJQH  1DVRQ HW DO  EHOLHYHG
WKDW FDUHIXO VWXGLHV RI DSSDUHQWO\ JHQHUDOLVW
SK\WRSKDJRXV LQVHFWV RIWHQ UHYHDOHG WKDW WKH\
LQVWHDG UHSUHVHQW FRPSOH[HV RI JHQHWLFDOO\
GLIIHUHQWLDWHG KRVW UDFHV RU FU\SWLF VSHFLHV ,I KRVW
VSHFLHV FRQVWLWXWH GLIIHUHQW VHOHFWLYH UHJLPHV WR
KHUELYRURXV LQVHFWV JHQHWLF GLIIHUHQWLDWLRQ DQG
KRVWDVVRFLDWHG ORFDO DGDSWDWLRQ PD\ RFFXU
5XL]0RQWR\D HW DO  ZKLFK LV GHILQLWHO\
LPSRUWDQW LQ SHVW PDQDJHPHQW SURJUDPV +RVW
ILGHOLW\ LQ WUXH IUXLW IOLHV RI WKH JHQXV Rhagoletis
/ 'LSWHUD 7HSKULWLGDH )HGHU HW DO  DQG
 DQG DOVR WKH SDODHDUFWULF JHQXV
Yponomeuta /DWUHLOOH /HSLGRSWHUD
<SRQRPHXWLGDH 0HQNHQ HW DO  DUH WKH
PRVW LPSRUWDQW H[DPSOHV RI V\PSDWULF VSHFLDWLRQ
0HQNHQDQG5DLMPDQQ
$PRQJ GLIIHUHQW GDWD VHWV JHQHWLF GDWD DUH EDVLF
WR WKH GHVLJQ DQG VXFFHVVIXO DSSOLFDWLRQ RI DQ\
SHVW PDQDJHPHQW VWUDWHJ\ 6OXVV DQG *UDKDP
 (VWLPDWLQJ JHQHWLF YDULDWLRQ DQG JHQHWLF
VWUXFWXUH RI QDWXUDO SRSXODWLRQV UHOLHV RQ
JHQRW\SLQJ LQGLYLGXDO VSHFLPHQV <DQ HW DO
 7KH DQDO\VLV RI JHQHWLF YDULDWLRQ XVLQJ
'1$ PDUNHUV KDV EHFRPH DQ LPSRUWDQW DSSURDFK
IRU DVVHVVLQJ WKH SRSXODWLRQ JHQHWLFV RI D YDULHW\
RI LQVHFW VSHFLHV 5HLQHNH HW DO  7R DQDO\]H
WKH JHQHWLF GDWD VHYHUDO WHFKQLTXHV FDQ EH XVHG
7KH DPSOLILHG IUDJPHQW OHQJWK SRO\PRUSKLVP
$)/3 WHFKQLTXH LV D SRZHUIXO PHWKRG IRU
SRSXODWLRQ JHQHWLF VWXGLHV WKDW ZDV GHVFULEHG E\
9RV HW DO  7KLV PHWKRG KDV EHHQ DSSOLHG LQ
PDQ\ DVSHFWV RI LQVHFW SRSXODWLRQ VWXGLHV VXFK DV
GLVWLQJXLVKLQJ GLIIHUHQW JHRJUDSKLF SRSXODWLRQV RI
J\SV\ PRWK Lymantria dispar / 5HLQHNH 
KRVWDVVRFLDWHG VWUDLQV RI IDOO DUP\ ZRUP
Spodoptera frugiperda 0F0LFKDHO DQG 3RZHOO
 DQG LQGLFDWLQJ KRVWDVVRFLDWHG OLQHDJHV RI
WKH VQDNHZHHG JUDVVKRSSHU Hesperotettix viridis
6ZRUGHWDO
3RPHJUDQDWH Punica granatum / 0\UWDOHV
3RQLFDFHDH LV WKH PDLQ KRVW RI WKH FDURE PRWK
Ectomyelois ceratoniae =HOOHU 
/HSLGRSWHUD 3\UDOLGDH LQ ,UDQ /DUYDH IHHG RQ
LQQHU SDUWV RI WKH IUXLW DQG KLJKO\ UHGXFH LWV
TXDOLW\ LQGLFHV 6HYHUDO RWKHU KRVW SODQWV RI E.
ceratoniae, VXFK DV FLWUXV GDWH DQG DOPRQG KDYH
EHHQ UHFRUGHG 0RUWRQ  $OUXEHDL 
:DUQHU HW DO  9DQ GHQ %HUJ  7RXV DQG
)HUJXVRQ  0HVEDK HW DO  %RXND HW DO
 7KH DFWLYLW\ RI E. ceratoniae RQ ILJ
6KDNHUL  DQG SLVWDFKLR 0HKUQHMDG 
KDV EHHQ GHVFULEHG LQ ,UDQ 7KH PRVW
UHFRPPHQGHG FRQWURO PHWKRG LQ ,UDQ LV FROOHFWLQJ
DQG GHVWUR\LQJ LQIHFWHG SRPHJUDQDWHV WKDW
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH HOLPLQDWH RYHUZLQWHULQJ VLWHV DW WKH HQG RI
JURZWK VHDVRQ %HKGDG  7KLV FRQWURO
PHWKRG KDV DOVR EHHQ XVHG IRU PDFDGDPLD 9DQ
GHQ %HUJ  %LRORJLFDO FRQWURO ZDV XVHG E\
1DVUROODKL HW DO  7ZR RWKHU PHWKRGV
VWDIILQJ WKH SRPHJUDQDWH IUXLW QHFN 0LUNDULPL
 DQG UHPRYLQJ LWV IODJV 6KDNHUL  ZHUH
VXJJHVWHG WR HOLPLQDWH WKH VLWHV WKDW WKH PRWK XVHV
WR OD\ HJJV 7KHVH PHWKRGV PDNH WKHVH SODFHV
LQFRQYHQLHQW IRU OD\LQJ HJJV ,Q VSLWH RI WKH
LPSRUWDQW UROH RI WKH JHQHWLF VWUXFWXUH RI LQVHFW
SRSXODWLRQV LQ SHVW PDQDJHPHQW WKHUH LV QR
GRFXPHQWHG LQIRUPDWLRQ RQ JHQHWLF DVSHFWV RI
GLIIHUHQW E. ceratoniae SRSXODWLRQV ,Q WKLV VWXG\
$)/3 PDUNHUV ZHUH XVHG WR GHWHUPLQH WKH
GLIIHUHQFHV DQGRU VLPLODULW\ DPRQJ VHYHUDO
JHRJUDSKLF SRSXODWLRQV RI E. ceratoniae LQ ,UDQ
RQ  KRVWV SRPHJUDQDWH ILJ SLVWDFKLR DQG
ZDOQXW)LGHOLW\WRKRVWVZDVH[DPLQHGDVZHOO
Materials and Methods
Sample collection
$ WRWDO RI  E.ceratoniae ODUYDH ZHUH FROOHFWHG
IURP  SODFHV LQ VL[ SURYLQFHV RI ,UDQ RQ IRXU
KRVWV LQFOXGLQJ SRPHJUDQDWH P. granatum / ILJ
 Ficus carica /8UWLFDOHV 0RUDFHDH SLVWDFKLR
Pistacia vera /6DSLQGDOHV $QDFDUGLDFHDH DQG
ZDOQXW Juglans regia / -XJODQGDOHV
-XJODQGDFHDH 7DEOH  DQG )LJXUH  'XULQJ
VDPSOLQJ VRPH VLPLODU ODUYDH EHORQJLQJ WR RWKHU
/HSLGRSWHUD FRXOG DOVR EH IRXQG LQVLGH FROOHFWHG
IUXLWV 7KHVH ODUYDH ZHUH UHDUHG LQ WKHLU QDWXUDO
LQIHFWHG KRVWV WR DGXOWKRRG DQG VSHFLHV
LGHQWLILFDWLRQ ZHUH SHUIRUPHG RQ DGXOWV $GXOWV RI
E. ceratoniae ZHUH VHSDUDWHG DQG NHSW DW ï &
DIWHUHPHUJHQFH
Table 1. /RFDOLWLHVKRVWVDQGFRGHVRIFROOHFWHG&DUREPRWK Ectomyelois ceratoniae, SRSXODWLRQV
Province Collecting site Longitude Latitude Host Code of site Code of host
7HKUDQ (VKWHKDUG ᓉ ᓉ :DOQXW 7$ :D
.KRUDVDQ 6DE]HYDU ᓉ ᓉ 3RPHJUDQDWH .K$ 3R
)DUV $UVDQMDQ ᓉ ᓉ 3RPHJUDQDWH )$ 3R
)LJ )$ )L
.HUPDQ &KDWURRG ᓉ ᓉ 3RPHJUDQDWH .$ 3R
.HUPDQ 5DIVDQMDQ  ᓉ 3LVWDFKLR .) 3L
0DUND]L 6DYHK ᓉ ᓉ 3RPHJUDQDWH 0$ 3R
<D]G %DIJK ᓉ ᓉ 3RPHJUDQDWH <, 3R
Figure 1. 'LVWULEXWLRQRIFROOHFWLQJVLWHV6HH7DEOHIRUWKHFRGHV
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
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH DNA isolation
7RWDO JHQRPLF '1$ ZDV LVRODWHG XVLQJ D
&7$%PHWKRG VXJJHVWHG E\ 5HLQHNH HW DO 
ZLWK PLQRU PRGLILFDWLRQV 7KH DYHUDJH QXPEHU RI
 LQGLYLGXDOV LQ DQ\ SRSXODWLRQ ZDV XVHG IRU
IXUWKHU DQDO\VHV '1$ TXDQWLW\ DQG TXDOLW\ ZHUH
PHDVXUHGZLWKD893KRWRPHWHU
AFLP markers
7KH $)/3 DQDO\VLV ZDV SHUIRUPHG XVLQJ WKH
PHWKRG GHVFULEHG E\ 9RV HW DO  XVLQJ WKH
HQ]\PH FRPELQDWLRQ (FR5, DQG 0VH, 6L[ SULPHU
FRPELQDWLRQV ($$&0&&& ($$&0*$*
($$&0&$$ (*7&0&$$ (*7&0*$*
DQG ($&70&$$ ZHUH XVHG IRU VHOHFWLYH 3&5
DPSOLILFDWLRQ 3&5V ZHUH SHUIRUPHG RQ D %LR5DG
WKHUPRF\FOHU %LR5DG /DERUDWRULHV ,QF
+HUFXOHV &$ 86$ $PSOLILFDWLRQ UHDFWLRQ
SURGXFWV ZHUH VHSDUDWHG RQ D  GHQDWXULQJ
SRO\DFU\ODPLGH JHO XVLQJ D 6HTXL*HQ *7
6HTXHQFLQJ &HOO  FP JHO DSSDUDWXV %LR5DG
/DERUDWRULHV ,QF ZZZELRUDGFRP 7KH
DPSOLILHG IUDJPHQWV ZHUH GHWHFWHG E\ VLOYHU
VWDLQLQJ PHWKRG DV GHVFULEHG E\ %DVVDP HW DO
 ,Q RUGHU WR SURYH WKH ODFN RI 3&5 DUWLIDFWV
D VXEVHW RI VDPSOHV FRQWDLQLQJ  LQGLYLGXDOV
ZHUH SUHSDUHG DQG UXQ WZLFH LQGHSHQGHQWO\ ZKLFK
UHVXOWHG LQ VLPLODU SDWWHUQV 7KH UHVXOWLQJ JHOV
ZHUH VFRUHG PDQXDOO\ DQG LQGHSHQGHQWO\ E\ WZR
SHRSOH
Data analysis
$Q DQDO\VLV RI PROHFXODU YDULDQFH $029$ ZDV
SHUIRUPHG WR DQDO\]H JHQHWLF VWUXFWXUH RI WHVW
SRSXODWLRQV DQG WKHQ ),6) 67 DQG ),7 ZHUH
FDOFXODWHG 'LIIHUHQFHV DPRQJ  JHRJUDSKLF
SRSXODWLRQV 7DEOH  VKDULQJ WKH VDPH KRVW
SRPHJUDQDWH ZHUH GHWHFWHG E\ PHDVXULQJ
SRSXODWLRQ SDLUZLVH )67 XVLQJ WKH GLVWDQFH
PHWKRG QXPEHU RI SHUPXWDWLRQV  7KLV
PHWKRG ZDV DOVR XVHG WR FRPSDUH WZR E\ WZR
SXWDWLYH KRVWDVVRFLDWHG SRSXODWLRQV LQ VDPH
JHRJUDSKLF UHJLRQV QXPEHU RI SHUPXWDWLRQV
 ,Q RWKHU ZRUGV HDFK WZR JHRJUDSKLF
SRSXODWLRQV RQ WKH VDPH KRVW SRPHJUDQDWH ZHUH
FRPSDUHG WR ILQG DQ\ JHRJUDSKLF HIIHFW [  
 FRPSDULVRQV 7KH DQDO\VHV ZHUH DOVR
SHUIRUPHG IRU V\PSDWULF RU TXDVLV\PSDWULF
SRSXODWLRQV RQ GLIIHUHQW KRVWV WR GHWHUPLQH DQ\
SRVVLEOH KRVW HIIHFW SRSXODWLRQ RQ SRPHJUDQDWH
RI $UVDQMDQ )$ 3R YHUVXV WKRVH RQ ILJ RI WKH
VDPH ORFDOLW\ )$ )L SRSXODWLRQ RQ
SRPHJUDQDWH RI &KDWURRG .$ 3R YHUVXV WKRVH
RQ SLVWDFKLR LQ WKH VDPH SURYLQFH .) 3L
SRPHJUDQDWH RI 6DYHK 0$ 3R YHUVXV WKRVH RQ
ZDOQXW LQ (VKWHKDUG 7$ :D VHH 7DEOH  IRU
FRGHV 7KH DERYH DQDO\VHV ZHUH SHUIRUPHG E\
$UOHTXLQ YHUVLRQ  VRIWZDUH 6FKQHLGHU HW DO
 7KH GDWD RI  JHRJUDSKLF SRSXODWLRQV
EHORQJLQJ WR GLIIHUHQW JHRJUDSKLF UHJLRQV RQ WKH
VDPH KRVW SRPHJUDQDWH ZHUH VXEMHFWHG WR ODWHU
DQDO\VHV .K$3R )$3R .$3R 0$3R DQG
<,3R 7DEOH  7KH PLJUDWLRQ UDWH 0 YDOXHV
ZKLFK LV WKH DEVROXWH QXPEHU RI PLJUDQWV
H[FKDQJHG EHWZHHQ WKH WZR SRSXODWLRQV ZHUH
FDOFXODWHG 6ODWNLQ  DQG WKH UHODWLRQVKLS
EHWZHHQ OLQHDUL]HG JHQHWLF )67  )67 DQG
JHRJUDSKLF ORJ.P GLVWDQFHV 6ODWNLQ 
ZDV GHWHFWHG E\ 0DQWHO WHVW QXPEHU RI
UDQGRPL]DWLRQV  XVLQJ 0DQWHO YHUVLRQ
 VRIWZDUH &DYDOFDQWL  7KH UHVXOWDQW )67
PDWUL[ ZDV DOVR VXEMHFWHG WR FOXVWHU DQDO\VLV E\
WKH XQZHLJKWHG SDLU JURXS PHWKRG XVLQJ
DULWKPHWLF PHDQV 83*0$ XVLQJ 3RZHU0DUNHU
9HU  /LX  WR VKRZ VLPLODULW\ DPRQJ
JHRJUDSKLF SRSXODWLRQV $ GHQGURJUDP ZDV
FRQVWUXFWHG EDVHG RQ  ERRWVWUDS
UHVDPSOLQJ $ PXOWLGLPHQVLRQDO VFDOLQJ DQDO\VLV
ZDV SHUIRUPHG RQ D PDWUL[ RI OLQHDUL]HG JHQHWLF
GLVWDQFH >)67  )67@ XVLQJ 6366  IRU
ZLQGRZV 6366 ,QF  7KH UHVXOWHG SORW
VKRZHG D JHRPHWULF PDS DFFRUGLQJ WR JHQHWLF
GLVWDQFHVDPRQJJHRJUDSKLFSRSXODWLRQV
Results
6L[ $)/3 VHOHFWLYH SULPHU FRPELQDWLRQV \LHOGHG
 SRO\PRUSKLF EDQGV 7KH UHVXOWV RI $029$
LQGLFDWHG KLJK ZLWKLQ SRSXODWLRQ YDULDWLRQ
 RI WRWDO YDULDWLRQ ZLWK IL[DWLRQ LQGLFHV
),6  p  ï )67
 p  ï ),7 
p ï
&RPSDULQJ  JHRJUDSKLF SRSXODWLRQV WKDW ZHUH
FROOHFWHG RQ SRPHJUDQDWH VKRZHG VLJQLILFDQW
GLIIHUHQFHV p ï &RPSXWHG
)67 YDOXHV IRU WKHVH FRPSDULVRQV ZHUH ORZ WR
PRGHUDWH IURP  WR  ZLWK D PHDQ
RI  7DEOH  $OO KRVW SDLUZLVH
FRPSDULVRQV ZLWKLQ VDPH JHRJUDSKLF RULJLQ
VKRZHG QR VLJQLILFDQW )67 3 YDOXHV p 
ï 'DWD DQDO\VLV RI JHRJUDSKLF
SRSXODWLRQV VKRZHG PLJUDWLRQ UDWHV EHWZHHQ
SDLUZLVH SRSXODWLRQV 0 YDOXHV IURP  WR
 ZLWK WKH PHDQ RI  7DEOH 
$FFRUGLQJ WR WKH UHVXOWV RI WKH 0DQWHO WHVW WKHUH
ZDV QR FRUUHODWLRQ EHWZHHQ JHQHWLF DQG
JHRJUDSKLF GLVWDQFHV U  ï p 
+HQFH WKHUH PD\ EH VRPH RWKHU IDFWRUV WKDW DIIHFW
RQ GHFUHDVLQJ RU LQFUHDVLQJ JHQHWLF GLVWDQFH
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH DPRQJ WHVW SRSXODWLRQV ,Q )LJXUH  SDLUZLVH
JHRJUDSKLF SRSXODWLRQV ZLWK WKH ORZHVW
UHODWLRQVKLS EHWZHHQ WKHLU JHRJUDSKLF DQG JHQHWLF
GLVWDQFHVDUHGHWHFWDEOH
7KH PLJUDWLRQ UDWH DPRQJ $UVDQMDQ )$ DQG
RWKHU SRSXODWLRQV ZDV UDWKHU ORZ ,W ZDV VPDOOHVW
IRU 6DYHK DQG 6DE]HYDU 0$ .K$ 7DEOH  7KH
UHVXOWV DUH DOVR VXSSRUWHG E\ FOXVWHU DQDO\VLV
)LJXUH  WKDW VKRZHG GLIIHUHQWLDWLRQ RI WKH
$UVDQMDQ SRSXODWLRQ )$ DQG VLPLODULW\ EHWZHHQ
WKH 6DYHK 0$ DQG 6DE]HYDU .K$ SRSXODWLRQV
)LJXUH  VKRZV WKH JHRPHWULF PDS DFFRUGLQJ WR
JHQHWLF GLVWDQFHV UHVXOWHG IURP PXOWLGLPHQVLRQDO
DQDO\VLV &RPSDULQJ WKLV PDS ZLWK WKH RQH
DFFRUGLQJ WR JHRJUDSKLF GLVWDQFHV )LJXUH 
UHYHDOV VRPH FKDQJHV LQ WKH UHODWLYH SRVLWLRQ RI
SRSXODWLRQV WKH 6DYHK 0$ SRSXODWLRQ PRYHG
IURP QRUWKZHVW WR QRUWKHDVW QHDU 6DE]HYDU .K$
DQG WKH ODWWHU SRSXODWLRQ LV FORVHU WR WKH RWKHUV
WKDQ WKH\ DUH JHRJUDSKLFDOO\ $QRWKHU UHPDUNDEOH
FKDQJH LQ WKH PDS RI JHQHWLF GLVWDQFH LV WKH
SRVLWLRQ RI $UVDQMDQ )$ WKDW LV UDWKHU PXFK
IDUWKHUIURPRWKHUVWKDQLWVJHRJUDSKLFORFDWLRQ
Table 2. 3RSXODLWRQSDLUZLVH)67RIWHVWHGJHRJUDSKLF
SRSXODWLRQFRPSDULVRQV
KhA MA FA YI KA
.K$ 
0$  
)$   
<,    
.$     
)673YDOXH ïIRUDOOFRPSDULVRQV
6HH7DEOHIRUFRGHV
Table 3. 0DWUL[RI0YDOXHVPLJUDWLRQUDWHVIRUWHVWHG
JHRJUDSKLFSRSXODWLRQVVHH7DEOHIRUFRGHV
KhA MA FA YI KA
.K$ 
0$  
)$   
<,    
.$     
Figure 2. 6FDWWHU SORW EDVHG RQ JHRJUDSKLF DQG JHQHWLF
GLVWDQFHV EHWZHHQ SDLUZLVH JHRJUDSKLF SRSXODWLRQV RI (
FHUDWRQLDH VKDULQJ WKH VDPH KRVW 3R EDVHG RQ $)/3
PDUNHU6HH7DEOHIRUWKHFRGHV
Figure 3. &OXVWHU DQDO\VLV RI  WHVWHG JHRJUDSKLF
SRSXODWLRQV RI ( FHUDWRQLDH XVLQJ 83*0$ PHWKRG EDVHG
RQ  ERRWVWUDS UHVDPSOH 1XPEHUV DUH ERRWVWUDS
YDOXHV6HH7DEOHIRUWKHFRGHV
Figure 4. *HRPHWULF ORFDWLRQ RI JHRJUDSKLF WHVW
SRSXODWLRQV REWDLQHG IURP PXOWLGLPHQVLRQDO DQDO\VLV RQ
JHQHWLFGLVWDQFH6HH7DEOHIRUFRGHV
Discussion
7KLV DQDO\VLV VKRZHG KLJK LQWUD SRSXODWLRQ
YDULDWLRQ DQG VPDOO WR PHGLXP VLJQLILFDQW
YDULDWLRQV DPRQJ JHRJUDSKLF SRSXODWLRQV 7KH
VLJQLILFDQW YDULDWLRQ KDV DOVR EHHQ VKRZQ LQ PDQ\
RWKHU LQVHFWV LQFOXGLQJ /HSLGRSWHUD &RDWHV HW DO
 .RVKLR HW DO  6XLQDJD HW DO 
7LPP HW DO  6LQFH WHVW JHRJUDSKLF
SRSXODWLRQV ZHUH DOO DVVRFLDWHG ZLWK WKH VDPH
KRVW SRPHJUDQDWH SRSXODWLRQ GLIIHUHQFHV PD\
KDYH EHHQ PDLQO\ WKH UHVXOW RI JHRJUDSKLF EDUULHUV
WKDW DUH GHILQHG DV DQ\ WHUUDLQ WKDW SUHYHQWV JHQH
IORZ EHWZHHQ SRSXODWLRQV 0D\U DQG $VKORFN
 6RPHWLPHV GLVWDQFH DORQH FDQ IXQFWLRQ DV D
EDUULHU WR JHQHWLF H[FKDQJH DPRQJ SRSXODWLRQV
5XJJLHUR HW DO  7KH 0DQWHO WHVW GLG QRW
VKRZ FRUUHODWLRQV EHWZHHQ JHRJUDSKLF DQG JHQHWLF
GLVWDQFHV LQ WHVW SRSXODWLRQV )LJXUH  VKRZV WKDW
GLVWDQFHV DVVRFLDWHG ZLWK WKH WZR $UVDQMDQ )$
SRSXODWLRQV FRUUHVSRQG WR KLJK JHQHWLF GLVWDQFHV
LQ VSLWH RI UDWKHU VKRUW JHRJUDSKLF GLVWDQFHV ,W
FDQ EH FRQFOXGHG WKDW JHRJUDSKLF GLVWDQFHV GR QRW
FRPSOHWHO\ H[SODLQ JHQHWLF GLVWDQFHV DVVRFLDWHG
ZLWK )$ DQG WKHUH VKRXOG EH VRPH RWKHU IDFWRUV
WKDW LVRODWH DQG GHFUHDVH JHQH IORZ RI WKLV
SRSXODWLRQWRWKHRWKHUV
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH 7KH GLIIHUHQWLDWLRQ RI )$ LV DOVR FRQILUPHG E\
FDOFXODWLQJ PLJUDWLRQ UDWH 7DEOH  DQG FOXVWHU
DQG PXOWLGLPHQVLRQDO DQDO\VHV )LJXUHV  DQG 
$FFRUGLQJ WR WKH PDWUL[ RI 0 YDOXH 7DEOH  WKH
SRSXODWLRQ RI $UVDQMDQ KDG WKH ORZHVW PLJUDWLRQ
UDWH WR WKH RWKHU WHVW SRSXODWLRQV 6PDOO
UHODWLRQVKLSV EHWZHHQ WKLV SRSXODWLRQ DQG RWKHUV
FDQ DOVR EH GHGXFHG E\ FRPSDULQJ WKH JHRJUDSKLF
)LJXUH  DQG JHRPHWULF PDSV DFFRUGLQJ JHQHWLF
GLVWDQFHV )LJXUH  ,Q )LJXUH  )$ LV IDUWKHU
IURP RWKHU SRSXODWLRQV EXW WKLV LV QRW WUXH LQ WKH
JHRJUDSKLF PDS $UVDQMDQ LV LQ D ZDUP
VHPLGHVHUW UHJLRQ VXUURXQGHG E\ PRXQWDLQV WKDW
VHSDUDWH LW IURP RWKHU WHVW SRSXODWLRQV ,Q
DGGLWLRQ FROOHFWLRQ VLWHV LQ $UVDQMDQ ZHUH ROG DQG
SDUWO\ DEDQGRQHG RUFKDUGV ZLWKRXW DQ\ VXLWDEOH
SHVW FRQWURO WUHDWPHQW DQG SUREDEO\ OHVV \RXQJ
WUHH H[FKDQJHV E\ IDUPHUV 7KLV VLWXDWLRQ VXJJHVWV
WKH ORZ SUREDELOLW\ RI JHQH IORZ WR RWKHU WHVW
SRSXODWLRQV WKDW FRXOG DIIHFW WKH JHQHWLF VWUXFWXUH
RIWKHSRSXODWLRQ
7KH JHRJUDSKLF GLVWDQFH EHWZHHQ 6DYHK 0$ DQG
6DE]HYDU .K$ LV UDWKHU ODUJH )LJXUH  EXW WKH
DQDO\VHV VKRZHG WKH VKRUWHVW JHQHWLF GLVWDQFH
EHWZHHQ WKHP 7DEOH  7KH 0DQWHO SORW )LJXUH
 VKRZV WKLV GLVWDQFH FRUUHVSRQG ZLWK UDWKHU ORZ
JHQHWLF DQG KLJK JHRJUDSKLF GLVWDQFH DQG WKHVH
SRSXODWLRQV KDYH WKH KLJKHVW PLJUDWLRQ UDWH
7DEOH  DQG WKH PRVW VLPLODULW\ ZLWK HDFK RWKHU
LQ FOXVWHU DQDO\VLV )LJXUH  7KH JHRPHWULF PDS
DFFRUGLQJ WR JHQHWLF GLVWDQFH )LJXUH  VKRZV
GHFUHDVLQJ GLVWDQFH EHWZHHQ .K$ DQG 0$ 0$
PRYHG IURP QRUWKZHVW LQ UHDO JHRJUDSKLF GLVWDQFH
WR QRUWKHDVW LQ JHQHWLF GLVWDQFH +HQFH WKH WZR
PHQWLRQHG SRSXODWLRQV DUH VLPLODU WR HDFK RWKHU
LQ VSLWH RI ORQJ JHRJUDSKLF GLVWDQFH +XPDQ
WUDQVSRUWDWLRQ FDQ SOD\ D QRWLFHDEOH UROH LQ
FUHDWLQJ VLPLODULW\ LQ GLIIHUHQW SRSXODWLRQV
)DLOORX[ HW DO  IRXQG VLJQLILFDQW FRUUHODWLRQ
EHWZHHQ JHQH IORZ DPRQJ SRSXODWLRQV RI Aedes
polynesiensis DQG KXPDQ WUDQVSRUWDWLRQ LQVWHDG
RI JHRJUDSKLF GLVWDQFHV 7KHUH DUH VRPH RWKHU
VLPLODU H[DPSOHV RI DOORSDWULF SRSXODWLRQV RI
RWKHU LQVHFWV -XOYH] HW DO  -XOYH] DQG
0RXFKHW  &KHQ HW DO  *RRGLVPDQ HW DO
 7UDQVSRUWDWLRQ RI SRPHJUDQDWH IUXLW DQG
\RXQJ WUHHV LV SUHVHQWO\ EHLQJ GRQH E\ WKH SULYDWH
VHFWRU LQ ,UDQ WKDW PDNHV LW LPSRVVLEOH WR WUDFH
PRYHPHQW RI WKHP +RZHYHU 6DYHK LV NQRZQ DV
RQH RI WKH PRVW IDPRXV FHQWHUV RI VRPH SRSXODU
YDULHWLHV RI SRPHJUDQDWH LQ ,UDQ KHQFH
WUDQVSRUWLQJ SRPHJUDQDWH IUXLWV DQG \RXQJ WUHHV
WR RWKHU SODFHV VHHPV WR EH YHU\ SRVVLEOH 7KH
VKRUW JHQHWLF GLVWDQFH DQG WKH KLJKHVW JHQH IORZ
7DEOH  EHWZHHQ 6DYHK 0$ DQG 6DE]HYDU
.K$ VXJJHVW KLJK WUDQVSRUWDWLRQ EHWZHHQ WKHVH
SODFHV
&RPSDULVRQV RI E. ceratoniae SRSXODWLRQV RQ
GLIIHUHQW KRVWV ZHUH SHUIRUPHG WR GHWHFW DQ\ KRVW
ILGHOLW\ LQ WHVW SRSXODWLRQV $QDO\VLV RI PROHFXODU
GDWD GLG QRW VKRZ DQ\ VLJQLILFDQW GLIIHUHQFH
EHWZHHQ SXWDWLYH KRVWDVVRFLDWHG SRSXODWLRQV LQ
WKH VDPH ORFDWLRQV DQG QRQVLJQLILFDQW ),7
p! LQ $029$ VKRZV YDULDWLRQ LQ DYHUDJH
KHWHUR]\JRWHV LQ SRSXODWLRQV WKDW DUH SUREDEO\ WKH
UHVXOW RI PDQ\ UDQGRP PDWLQJV EHWZHHQ
V\PSDWULF DQG TXDVLV\PSDWULF SRSXODWLRQV RQ
GLIIHUHQW KRVWV 'RZQLH HW DO  H[DPLQHG WKH
GLVWULEXWLRQ RI PROHFXODU YDULDWLRQ LQ DQ DSKLG
Daktulosphaira vitifoliae DQG DFFRUGLQJ WR WKHLU
UHVXOWV GLIIHUHQWLDWLRQ ZDV IRXQG WR EH RQO\ LQ
DOORSDWULF RU SDUDSDWULF SRSXODWLRQV EXW QR
HYLGHQFH ZDV IRXQG IRU VXFK GLIIHUHQWLDWLRQ LQ WKH
WZRKRVWVLQV\PSDWU\
$FFRUGLQJ WR WKH UHVXOWV RI RXU VWXG\ E.
ceratoniae ZKLFK HPHUJHV LQ ODWH $SULO LQ ,UDQ
OD\V HJJV RQ DQ\ DYDLODEOH VXLWDEOH KRVW
$SSDUHQWO\ WKH VSHFLDO FRQGLWLRQ RI WKH QHFN LQ
SRPHJUDQDWH IUXLW SURYLGHV DQ RSWLPXP VLWH IRU
RYLSRVLWLRQ ,I RWKHU KRVWV SURYLGH VXLWDEOH
FRQGLWLRQV VXFK DV WKH WUDFNV DQG JURRYHV LQ
SLVWDFKLR 0HKUQHMDG  DGXOW PRWKV FDQ DOVR
OD\ WKHLU HJJV RQ WKHP 2EVHUYDWLRQV GXULQJ
VSHFLPHQ FROOHFWLRQ VKRZHG ORZ OHYHOV RI SHVW
LQIHVWDWLRQ RQ KRVWV RWKHU WKDQ SRPHJUDQDWH E\ E.
ceratoniae /DUYDH RI E. ceratoniae W K D WJ U R ZL Q
SLVWDFKLR ILJ DQG ZDOQXW ZRXOG EHFRPH ODUJHU
PRWKV WKDQ WKRVH RQ SRPHJUDQDWH 0R]DIIDULDQ HW
DO  KHQFH WKH DELOLW\ IRU H[SDQGLQJ KRVW
UDQJH LQ VHFRQG KDOI RI WKH JURZWK VHDVRQ FDQ
UHVXOW LQ PRUH VXFFHVVIXO RYHUZLQWHULQJ DQG DQ
LQFUHDVH LQ SRSXODWLRQ VL]H +LJK YDULDWLRQ DPRQJ
LQGLYLGXDOV  RI WRWDO YDULDWLRQ LV HYLGHQFH
RI GLIIHUHQW JHQRW\SHV LQ WKH HYDOXDWHG
SRSXODWLRQV ,W LV DOVR VXSSRUWHG E\ VLJQLILFDQW )LV
p  ï LQGLFDWLQJ VLJQLILFDQW
YDULDWLRQDPRQJLQGLYLGXDOVRIDOOSRSXODWLRQV
6LQFH WKH LQGLYLGXDOV RI DQ\ WHVW SRSXODWLRQ IHHG
RQ WKH VDPH KRVW DQG LQ WKH VDPH ORFDOLW\ WKH
REVHUYHG YDULDWLRQ PD\ OHDG SRSXODWLRQV WR DGDSW
DQG VXUYLYH LQ GLIILFXOW FRQGLWLRQV VXFK DV WKH
VWUHVV FDXVHG E\ FRQWURO SUDFWLFHV 6OXVV DQG
*UDKDP  VKRZHG KLJK OHYHOV RI LQWUD
SRSXODWLRQ YDULDWLRQ DQG JHQH IORZ DPRQJ
SRSXODWLRQV RI Heliothis virescens DV ZDV WKH FDVH
LQ E. ceratoniae LQ RXU VWXG\ 7KH\ FRQFOXGHG WKDW
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH SRSXODWLRQV PD\ UDSLGO\ UHVSRQG WR FRQWURO
PHDVXUHV DQG VXEVHTXHQW UHVLVWDQFH ZRXOG EH
VSUHDG WKURXJKRXW WKH FRQWLQHQWDO SRSXODWLRQV DV
VKRZQ LQ QDWXUDO SRSXODWLRQV )DQJ HW DO 
IRXQG KLJK OHYHO RI SRO\PRUSKLVP ZLWKLQ HDFK
SRSXODWLRQ RI WZR WKULSV Thrips tabaci DQG
Frankliniella occidentalis DQG ORZ SRO\PRUSKLVP
DPRQJ SRSXODWLRQV WKDW VKRZHG KLJK OHYHO RI
KHWHUR]LJRVLW\ DQG VLJQLILFDQW OHYHO RI VH[XDO
UHSURGXFWLRQ IRU ERWK VSHFLHV ,Q FRQWUDVW
%HQDYLGHV HW DO  IRXQG ORZ JHQHWLF
YDULDELOLW\ DORQJ ZLWK KLJK GLIIHUHQWLDWLRQ DPRQJ
FRIIHH EHUU\ ERUHU SRSXODWLRQV DQG WKH\ VXJJHVWHG
WKDW WKH SHVW PD\ ODFN WKH JHQHWLF YDULDELOLW\
QHFHVVDU\ WR UHVSRQG WR DQ LQWHQVLYH FRQWURO
VWUDWHJ\
,W VHHPV WKDW WKHUH LV HQRXJK JHQHWLF YDULDWLRQ LQ
QDWXUDO SRSXODWLRQV RI E. ceratoniae WR VKRZ
DOWHUQDWLYH SKHQRW\SHV LQ UHVSRQVH WR FRQWURO
SUDFWLFHV VXFK DV RPLWWLQJ SODFHV IRU
RYHUZLQWHULQJ RU VLWHV IRU RYLSRVLWLRQ ,QIHFWLQJ
RWKHU IUXLWV KDWFKLQJ RQ WKH RWKHU SDUWV RI WKH
SRPHJUDQDWH IUXLW LQVWHDG RI QHFN VXFK DV VNLQ
DQG FUDFNV RI WKH IUXLW KDYH EHHQ UHFRUGHG LQ ORZ
GHQVLW\ 6KDNHUL  DQG DUH DOWHUQDWLYHV WKDW
PD\ EH VHOHFWHG DJDLQVW FRQWURO SUDFWLFHV 7KH
DELOLW\ RI E. ceratoniae WR LQIHFW FLWUXV WKDW ZDV
REVHUYHG LQ WKH ODERUDWRU\ XQSXEOLVKHG GDWD
DQG VRPH XQFRQILUPHG UHFRUGV RI WKH SUHVHQFH RI
ODUYDH LQ FLWUXV LQ QRUWKHUQ ,UDQ VXJJHVWV
EURDGHQLQJ RI WKH KRVW UDQJH RI WKLV SHVW LQ WKH
IXWXUH 7KHVH DGDSWDWLRQV FDQ HDVLO\ VSUHDG WR
RWKHUSRSXODWLRQV via WKHKLJKOHYHORIJHQHIORZ
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